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PURPOSE

Air blast load distributions and time histories on three-
dimensional structures are difficult to predict, or even esti-
mate, with confidence. One reason is that pressures are highly
transitory because of multiple reflected and transmitted pressure
waves. Computational fluid dynamics can clearly be of help under
these circumstances if one has confidence in the computational
tool. Such confidence is generally provided by the comparison of
computed results with experimental data.

In this note we present a validation calculation for the
FLOW-3D computer code by applying it to the problem of a blast
wave passing over a three-dimensional rectangular block. The
problem selected is one for which there exists good experimental
data about transient pressure distributions on the lee and aft
sides of a block. This work, performed in a shock tube test
facility and reported by Taylor [l], involved the passage of a 5
psi overpressure blast wave (in air) over a regular
parallelopiped-shaped block.

The front face of the block was 21.27 cm in width and 10.62
cm high. The block had a depth of 7.62 cm in the direction of
propagation of the blast wave (i.e., the blast wave struck the
front face of the block head on). Three pressure transducers
were flush mounted on the front and rear faces in locations that
provide a representative sampling of the pressures over the
entire surface of each face, see Fig. 1.

This problem has previously been modeled by a computer
program with good results (2], That work, however, was performed
by a numerical method quite different from the method used in




FLOW-3D. In any case, the purpose here is to provide an indepen-
dent validation test of FLOW-3D under conditions where shock and
rarefaction waves dominate the flow.

The computational model is explained in more detail in the
following section. Computational results and comparisons with
experimental data are then presented and followed by a summary in
a final section.

COMPUTATIONAL MODEL

Because of left-right symmetry with respect to the incident
blast wave direction, only one half of the physical problem is
modeled. In terms of the depth D of the block (D=7.62 cm) the
computational region started 2.5 D in front of the front block
face and extended 3.5 D downstream from the rear of the block.
The cross section of the modeled region was 4.5 D in width and
4.5 D in height. This region is large enough that pressure wave
reflections from the outer boundaries should not influence the
computed pressures on the block during the first 1 ms after the
blast wave hits the block. (This is based on a 1.11 ms estimated
transit time for a sound wave in air over a distance of 5 D.)

For comparison we note that in Ref. 2 the computational region
had slightly smaller dimensions (4.35 D, 6.78 D, 4.35 D).

Plots showing the computational mesh and the placement of
the block structure in the mesh are contained in Fig. 2. The
mesh consisted of 19 cells in the transverse (x) direction, 29
cells in the flow (y) direction and 19 cells in the vertical (z)
direction. The total number of cells, including boundary cells
is 13,671. This is significantly more than the 8381 cells used
in Ref. 2, although the results obtained in that work were quite
good.

As in Ref. 2 we have chosen to initialize the calculations
with the blast wave coinciding with the front face of the block.
Assuming normal air conditions ahead of the blast (i.e., zero
velocity, atmospheric pressure equal to 1.013E+6 dynes/cm? and a
temperature of 293 Kelvin), the conditions behind the wave were
taken to be:




Pressure = 1.3576E+6 dynes/cmz,
Temperature = 318.7 Kelvin,
Velocity = 7336 cn/s.

A complete input file for this problem is given in Fig. 3.
The file contains all information necessary to construct the mesh
and obstacle, to set the initial flow and boundary conditions and
to specify the computed output desired including pressure histo-
ries at all transducer locations.

COMPUTATIONAL RESULTS

We shall not give an extended discussion of the computed
results as this has already been done in Ref. 2. 1Instead, we
have simply reproduced the comparison plots of computed and
experimental data from Ref. 2 and added the current computational
results to them.

Pressure histories at three locations on the front block
face are shown in Fig. 4. Overall the results are in very good
agreement with both the earlier calculations and with the exper-
imental data. Some discrepancy with the experimental data at
early times (say less than 0.15 ms) is apparent. In particular,
the experimental pressure histories all have a flat section,
while the calculated pressures show variations above and below
these flat regions. This may be a result of the inevitable
numerical smoothing of shocks over a few computational cells.

At front position A, the present calculation is better than
the older calculation at early times because it brackets the ini-
tial high pressure spike. Similarly, at Position C the new cal-
culation is better than the old at late times.

Corresponding comparisons with pressure transducer data on
the rear face are given in Fig. 5. For these plots the zero time
corresponds to about t=0.2 ms in the calculation, which is the
time the undisturbed blast wave would have reached the plane of
the rear face. The comparison between calculated and experimen-
tal data is not as good as on the front surface, but still it is
quite acceptable.




We see that the present calculation shows somewhat better
agreement with the data at Position A than the older calculation,
especially after 0.2 ms. We also note that the new calculation
is not affected as early by reflected pressure waves because the
boundaries have been moved further away from the block.

Figure 6 contains vector plots and pressure contours in the
plane of symmetry at t=0.2 ms when the blast wave just reaches
the back face, and at t=0.8 ms when the wave reaches the down-
stream boundary of the computational region. At the later time
we can see a small recirculating eddy at the top rear corner of
the block.

Finally, in Fig. 7, are plotted the time histories of the
net pressure force on the (half) block in the direction of the
flow and the overturning moment. The moment is large and nearly
constant until the flow reaches the rear face after which the
moment is significantly reduced. The net force, on the other
hand, shows a monotonic decrease from its early peak value.

DISCUSSION

An earlier calculation of a blast wave passing over a
rectangular block has been repeated with the FLOW-3D program. A
slightly larger computational domain was used to reduce the
influence of reflected pressure waves. We also employed a some-
what more refined computational grid in order to improve the
numerical accuracy.

Computed results were found to be in good agreement with the
experimental data and are as good or slightly better than the
previous computational results.

These results serve as a useful validation test for FLOW-3D
under conditions involving a strongly three-dimensional, tran-
sient flow of a compressible fluid.

The computational time required to simulate 1.0 ms of prob-
lem time was 4.12 hours on a MicroVAX II computer. On a newer
DEC Station 3100 this time would be about 24 min.




References

1. Taylor, W.J., "A Method for Predicting Blast Loads during the
Diffracting Phase," The Shock and Vibration Bull., NR42, 135
(1972).

2. Stein, L.R., Gentry, R.A. and Hirt, C.W., "Computational Sim-

ulation of Transient Blast Loading on Three-Dimensional
Structures," Comp. Methods in App. Mech. and Eng., 11, 57
(1977) .




de-M01d J403 o113 ndur ¢ *3ITd4

anas

SIHUVdS

anag
‘gL 1=(9)2012 ‘€9°L=(9)201X 167E 5=(9}201X
‘prrs=(510012 ‘€9°L=(5)001x 'S6L°T~=(5)007%
‘prS=(r)2012 ‘€9 L={p)D01X 1598 g=(p)I0IX
‘gL T={€)d012 ‘T 0-=(€£)D01X ‘6ZE°S=(£)D0TX
‘pprs=(2)2012 ‘1°0-=(2)D01X ‘S6L°T=(2)001X
‘vrrg=(1)0012 ‘1°0-=(T)D01A ‘598°8=(T)207X
’T=INIMN
‘g=(T)SdLNOA ' T=S1TdSN
‘Z=(T1)201 ‘ T=S1TdON
‘T=(T)2AI ‘T=SLTdAN

R &L OT

an3s$

NIOWS

an3$
‘LBTE=(T)O3NL ‘0°0={T)HAL ‘1°0-=(1)201
‘0"E6T=IdNIL ! {=dWIN

dWars

anas

g8

anasg
fr9geL={T)0a¥A '9+39L5€ " T~(T1)93¥a - ‘0 0=({1)o3ua
‘0°0=(1)HXJ ‘1°0-=(T)2Da
‘9+3€T0° T=IS3ud ! 1=ST4N

13%

anas
‘Z9°0T~(1)HZ
‘29 L=(T)HX ‘0°0=(T)1A ‘SE9TOT=(T)HX ‘T°0-={(1)00
‘1=(1'1)0a01
! T=SEON

5905

anas$
‘G o=(7)2321S ‘g=(T1)17302N
‘67 be=(g)2zd ‘T9°01=(2)2a
‘6T=113D2ZN
‘g 0=(€)XIZIS ‘5 0=(Z)X3azIs ‘6=(T)1730AN
‘6z re=(v)aa ‘79 L=(g)ra ‘0°0=(2)Xa ‘50°6T-~(T1)xd
' 6Z=113DXN
‘g 0=(Z)x32IS ‘8=(T)1730%XN
‘6T vE=(€)Xd ‘5£9°0T={(Z)xd
‘6 T=1730XN

HSANS

anas
‘Z2=4dLy fZ=yaNar 4 Z=¥ayI
‘0°0=(p‘T)a08d ‘e=NEM

‘00=(€'T)1083 ‘LrgTE=(€‘T)IO8L

‘9+39Lse T=(£'1)108d 'rofeL=(£'T)I08A 'gmaM
'€-30°T=NI4ML ‘p-30°T=1Ql14 ‘*0T=1a1¥a ‘S-30°T=11730d
‘9+dLg  T=T3Y 9+AGLT " L=TAD
‘0°g=1543d ¢ Z=IVUN
‘Z=0HYSI ! T=DUN3J3I f T=SHJIWOI ‘0=€811

Inaxs

(*¥3dXT WOTAVL) AD0TE MIAO IAVM ISVIE

st e R [

steeg Brece seeen st

e PP

i o o e |
I
1
1

o s o e

1L

*yYsow Ul X¥O0Tq

e

Eree

sterr

o

[

Jo ausweoeTd pue yssw TruoTaeandwo) 2

*SUOTQLEDO0T o3ed
sdansssad FUuTMOUS H20TQq JO O2T1BUBYDS |

wogre 'h/
wa b8




Overpressure, PSi Overpressure, PSI|

Overpressure, PS!

Fig.

[ E xperimental Eront ]
-~ x —x Computed ront foce b
] l 1 l 1 I 1 I 1 | 1 ' [ I 1 [ 1 l I
0 100 200 300 400 500 600 700 800 900 1000
Time (u sec)
T l T l T l T I T
POS.C A ? ]
‘\o&/ 0 N
S i J

—— Experimentol
x—x Computed

| ! T T N S

Front face

|

. X=Xy x

1

]
100 200

Time (u sec)

1
300 400 500 600 700 800

1
9

00

1

Experimental

x——-x Computed

l 1 I 3 l ! 1 1 l 1 l 1

Front face

BRI I

!

4,

100

Time {u sec)

Comparison of pressure histories on front

face at locations A,

C and D.

200 300 400 500 600 700 800 9S00

1000

(FLOW-3D results indicated by e)




Overpressure, PS1

Overpressure, PSI

Overpressure, PSI

6 1 ¥ l 1 l 1 I T l T I 7 I i I T l .l

B Pos. A - Bock foce T
5l— —
41— —
3 -
2t Experimental —

x— x Computed b -
| -
| .
.,o‘r P B N B [ T DU BT
O 200 400 600 800 1000 1200 {400 1600 1800 2000
Time (u sec)
66—
S5 —

- =
41— —
3— .
2 Experimental —

- x —x Computed ) -
I -]
“LXJ‘ 1 ' 1 I Il l ! l 1 ! 1 I Il l L 1 1

0 200 400 600 800 1000 1200 1400 1600 1800 200C
Time {u sec)
6
i l ¥ I T _Lx T I' ] l T l 14 I ] ] I I 1 |
Pos. D Bock face
5 _“ —
4l -
33— —]
2 Experimentol —
- x —x Compuled D -
[ — ]
X1 1 ] 1 ] 1 I ! l 1 I 1 l 1 I 1 I 1
0] 200 400 600 800 1000 1200 400 1600 1800 2000
Time (pn sec)
5. Comparison of pressure histories on rear

face at locations A, C and D. Zero time
for these plots is 0.2 ms, which corres-
ponds to the time the blast wave reaches

the rear face.
(FLOW=-3D results indicated by e)




VE

( ——=—L1.40E+04)

LOCITY VECTORS

PRESSURE CONTOURS

(LOW= 1.013E+06
(HIGH= 1.733E+406 HIGH CONTOUR=

LOW CONTOUR= 1.032E+06)

1.749E406)

(LOW= 1.017E+06

LOW CONTOUR= 1.039E+406)

{(H1GH= 1.465E+06 HIGH CONTGUR= 1.442E+406)

34.29 gl 34.29
S SHUUS AN VY WP SPOAPUIP S U SN DO U Y . +
—_— e e — — ‘e -
_— o — — — ’
22,86 - N . . 22.36 L
—_— — — . 7
| _— — — e s e e . + S
— — — .« e . . .
—_— e e . e s . + . .
— e e e . . - B -
11.43 — e e + + . + . - 11.43 4
—_— = = s e . - . M .
= = = I3 bt H b4 3
= = = PN : : : e
— — e e . . . .
_— — v e e B . . .
— e e . e e . . . .
—_— = - e . B . .
—_— — I S . . .
[ S — . e . . . .
0.0 & 0.0 L
( &——=—1.68E404)
24.29 T 34.29 o
— —_— e — —_—— e e - —
1 4 d— e —— e e - L
— Cg— — o — — e — e —_— —
22.86 ] — e e e L — —_— e e 22.86 L
— - e - POy SR S U U SR . — — N
| - - -~ — P - — -— — N
— -— — o — L N R S ~— -
- — e e L Ly -
— — o P N . -
11.43 4 — _— e e T -~ - N L
= = = =27 S =T oS oz 11.43
- = PN S Sa R - -
— pd — e AL A~ - d— -
— — e LR - -
— e e e - o tm m e -
— — e L -
— —_— e — e 4 e - -
— — - - — e e e e .
ﬁ — — = e e - m e e - . 7.
a.0 U 6.0 U
1 4 s ' " A L
3 1 t t t t d t
~19.05 ~8.38 23.62 34.29 -19.0%

Fig.

6.

Velocity vectors and pressure contours at (top)

£=0.2 ms and

(bottom)

£=0.8 ms.
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